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1. Introduction 

An essential input in lifting the continuous moduli space might be non-zero 
fluxes on the internal space. By now one can find a long list of literature 
about this subject. A starting point was the work by Candelas and Raine^ 
for an un-warped metric which was generalized later in^ (for an earlier 
work on warp compactification see 1^ and the first examples, which pre- 
serve M — 1 supersymmetry appeared irl^l The subject was revived around 
10 years later by the work of Polchinski and StromingeJ^ where fiux com- 
pactifications in type II string theory was considered. In t he M-theory 
setting, different aspects are discussed i # | 7 | 8 | 9 | 10 | ll | 12 | 13 | 14 | 

Fluxes induces a non-trivial back reaction onto the geometry, because 
they appear as specific con-torsion component a ^^ 1 ^ 1 ' I ° l " l " l ^ l I I I 
for the Killing spinor. The resulting spaces are in general non-Kahlerian, 
which reflects the fact that the moduli space is (partly) lifted. In order to 
see which moduli are fixed, one can derive th e co rresponding superpotential 
as function of the fiuxes in a way discussed in^, but this approach becomes 
subtle if the fluxes are not related to closed forms (due to Chern-Simons 
terms). 

In this talk we discuss M-theory compactifications in the presence of 4- 
form fluxes, which keep the external 4-d space time maximal symmetric, i.e. 
either flat or anti deSitter (AdS), where in the latter case the superpoten- 
tial remains non-zero in the vacuum giving rise to a negative cosmological 
constant. We start by making the Ansatz for the metric and the 4- form 
field strength and separate the gravitino variation into an internal and ex- 
ternal part. In addition, we have to make an Ansatz for the 11-d Killing 
spinor, which decomposes into internal 7-d spinors and the external 4-d 
spinors. In the most general case, the solution will be rather involved and 
we use G-structures to classify possible vacua (Section 3). These structures 
are defined by a set of invariant differential forms and are in one to one 
correspondence to the number of internal spinors, which will enter the 11-d 
Killing spinor. Using these differential forms, one can formely solve the 
BPS equations (Section 4), but explicit solutions require the construction 
of these forms. Note, t he case o f the G2- and SU(3)-structures have been 
discussed already befor J " I I I and we will be rather short. 
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2. Warp compactification in the presence of fluxes 

In the (flux) vacuum, all Kaluza-Klein scalars and vectors are trivial and 
hence we consider as Ansatz for the metric and the 4-form field strength 

ds^ = e^^[g'lSdx^'dx'' + habdy"-dy^] , 



F^f ep.pAdx^ A dx'' A dxP A dx^ + j^Fabcd dy"" A dy'' A dy^ A dy^ 



(1) 

_^ ,,,,. ,,,,, ,,,,,. ,,,,, ^ T? , , rInA A rinfi A rinfi A rlnif- 

where A = A{y) is a function of the coordinates of the 7-manifold with 
the metric hat, fn is the Freud- Rubin parameter and the 4-d metric gliJ is 
either flat or anti deSitter. Unbroken supersymmetry requires the existence 
of (at least) one Killing spinor 77 yielding a vanishing gravitino variation of 
11-dimensional supcrgravity 

= S^M = [dM + jio^^TRs + ii4 (rAiF - 12 Fm)]v (2) 

where: F = FmnpqT^^'''^ , Fm = ^MJVPgr^^Q, etc. Since, 

TMr^--^" = r^^--^" + n4^^r^--^"i (3) 

one can bring the variation also in the more common form. Using the 
convention {T^, T^} — 21]^^ with 77 = diag(— , +, + ... +), we decompose 
the F-matrices as usual 

F^ = 7^ ® 1 , F"+3 = 7^ ® 7" (4) 

with /i = 0..3, a = 1..7, and 7^ = i7"7-'-7^7^, 1 = i-f^-y'^j^j^-y^j^'y''' yields 

ifr = l^e'^^'^l.px , ^e"''^''""P7mnp = 7"'''' = 7[-7''7-7'il . (5) 

The spinors in 11-d supcrgravity are Majorana and we take all 4-d 7'^- 
matrices are real and 7^ as well as the 7-d 7"-matrices are purely imaginary 
and antisymmetric. 

With this notation, wc can now split the gravitino variation into an 
internal and external part. In order to deal with the warp factor, we use 

ds^^e'^^ds' ^ DM=DM + ^r^';ldNA (6) 

and find for the external components of the gravitino variation 

0- [y^®t + %f®{ldA+'-^) + ^e-^^y^®F]Tj (7) 

where F = Fabcdl"''"''^ , Fa — Fabcdl^"'^, etc. and V^ is the 4-d covariant 
derivative. In the same way, we get for the internal variation 

= [1 ® (Vi'^) - ^daA + ^7„) - ^fr^^ ® T" - 1^ ^^'^ ^' ^ P-] "J (8) 
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where we eliminated the term ~ ^aFrj by using eq. l(7|l. 

In order to solve these equations, we have to decompose the spinor and 
introduce the superpotential yielding the negative cosmological constant. 
The 11-d Majorana spinor can be expanded in all independent spinors as 

N 
T] ^^{e' ® 9' + cc) , 

i=l 

where e* and 9^ denote the 4- and 7-d spinors, resp. If there are no fluxes, 
all of these spinors are covariantly constant and Af < 8 gives the resulting 
extended supersymmetries in 4 dimensions. With non-trivial fluxes one 
can however impose a relation between the spinors and J\f does not refer 
to the number of unbroken supersymmetries (see last Section), but gives 
nevertheless a classification of supersymmetric vacua. In fact, with these 
spinors one can build differential forms that are singlets under a subgroup 
G C spin{7) and hence define a G-structure, where the number of spinors is 
directly related to the group G (see next Section). By definition, the spinors 
are singlets under G and therefore obey certain projector conditions, which 
annihilate all non-singlet components and, at the same time, can be used 
to derive simple differential equations for the spinors and constraints on the 
fluxes (see last Section). 

If the 4-d spinors are covariantly constant, the resulting vacuum will be 
a 4-d flat space, but for an anti deSitter vacuum the spinors satisfy 

V^6'^ ~ %{Wr+tfw;')e,. (9) 

Note, the resulting 4-d cosmological constant will be: — |W^p and we did 
not take into account a Kahler potential, ie. our superpotential will not be 
holomorphic. If there is only a single spinor this equation simplifies to 

V^e - ^^.iWl+^fW2)e 

and if e is a Weyl spinor it becomes V^e — 7^ We* with the complex 
superpotential W = W\ -|-i Wi. If e^ are a set of Weyl spinors, we introduce 
the superpotential by a 11-d spinor satisfying the equation 

[V^ (g) 1] 77 = (7^ (g) 1)7) with : 77 = W'h^ ® 9* + cc (10) 

This way of introducing the superpotential might be confusing. Recall, 
we set constant all 4-d scalars as well as vector potentials and hence the 
superpotential should just be a number fixing the cosmological constant 
for the given vacuum. Since we introduced the superpotential in the 11-d 
Killing spinor equation it will, on the other hand, depend on the fluxes 
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and the warp factor and thus it is in general not constant over the internal 
space. The correct 4-diniensional superpotential is of course obtained only 
after a Kaluza-Klein reduction, i.e. after an integration over the internal 
space and to make this clear we will denote this constant superpotential by 
i[y (0) ^g ^Q t^qi want to discuss issues related to a concrete Kaluza-Klein 
reduction (over a not Ricci-flat internal space) and want instead determine 
the flux components that are responsible for a non-zero value of VF*^°-'. 

3. G-Structures 

Supersymmetric compactifications on 7-inanifolds imply the existence of 
differential forms, which are singlets under a group G C spin(7) and which 
define G-structures*^. These globally defined differential forms can be con- 
structed as bi-linears of the internal Killing spinors as 

and the group G is fixed by the number of independent spinors 6i which 
are all singlets under G. E.g. if there is only a single spinor on the 7- 
manifold, it can be chosen as a real G2 singlet; if there are two spinors, 
one can combine them into a complex SU{S) singlet; three spinors can be 
written as Sp{2) ~ 50(5) singlets and four spinors as SU{2) singlets. Of 
course, all eight spinors cannot be a singlet of a non-trivial subgroup of 
SO(7) and G is trivial. The 7-dimensional 7-matrices are in the Majorana 

n^ + n 

representation and satisfy the relation: (7ai-a„)"^ = (— ) 2 7^^...^^, which 
implies that the differential form is antisymmetric in [i,j] if n — 1,2,5,6 
and otherwise symmetric [we assumed here of course that 9^ are commuting 
spinors and the external spinors are anti-commuting] . This gives the well- 
known statement that having only a single spinor, one cannot build a vector 
or a 2-form, but only a 3-form and its dual 4-form [the 0- and 7-form exist 
trivially on any spin manifold]. If we have two spinors ^{1/2}, we can build 
one vector v and one 2-form (and of course its dual 5- and 6-form). Since 
the spinors are globally well-defined, also the vector field is well defined 
on Xj and it can be used to obtain a foliation of the 7-d space by a 6- 
manifold Xq. Similarly, having three 7-spinors we can build three vector 
fields as well as three 2-forms and having four spinors the counting yields 
six vectors combined with six 2-forms. In addition to these vector fields and 
2-forins, one obtains further 3-forms the symmetrized combination of the 



^We follow here basically the procedure initiated in the recent discussion bjLLLl 
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fermionic bi-linears. We have however to keep in mind, that all these forms 
are not independent, since Fierz re-arrangements yield relations between 
the different forms, se a I I for more details. 

Using complex notation, we can introduce the following two sets of bi- 
linears p = (e*)^]: 

where dropped the index i,i which counts the spinors. The associated 
fc-forms becomes now 



^"a,...a.e--- and f]^' ^ If 



n'' = -na,...a,e'''-'"' and f]^' = -fi,^...„^_e-i-'= . (11) 



If the spinors are covariantly constant (with respect to the Levi-Civita 
connection) the group G coincides with the holonomy of the manifold. If 
the spinors are not covariantly constant neither can be these differential 
forms and the deviation of G from the holonomy group is measured by the 
intrinsic torsion. In the following we will discuss the different cases in more 
detail. 

G-2 structures 

In the simplest case, the Killing spinor is a G2 singlet and reads 

e ^ e^e^ (12) 

where 0^ is a normalized real spinor. Due to the properties of the 7-d 
7-matrices (yielding especially OQ-fa^o ~ 0), only the following differential 
forms are non-zero 

I — 0q9o , 

i fabc = ^0 labc^O , 

(13) 

— i^abcd — Qq labcdOo , 
^ ^abcdmnp — ^Q ^abcdmnp^Q • 

They are G'2-invariant since 6q is a G2 singlet, i.e. it obeys the appropriate 
projector constraints. Note, the Lie algebra so (7) is isomorphic to A^ and 
a reduction of the structure group on a general X7 from SO{7) to the 
subgroup G2 implies the following splitting: 

so(7) = 02 © fl^ . (14) 
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This induces a decomposition of the space of 2-forms in the following irre- 
ducible G2-niodules, 



where 



A^ = A^ e A^4, (15) 

A? = {w _i ip\u e TX7} = {a e A^ I * ((^ A a) - 2a = 0} 

A^4 = {a e A^ I * ((^ A a) + a = 0} = 02 

with the abbreviation u—iip= u^Lpmnp and Lp denotes the G2-invariant 3- 
index tensor, which is expressed as fermionic bi- linear in 113f) . The operator 
*((/3 A a) splits the 2-forms correspondingly to the eigenvalues 2 and —1. 
These relations serve us to define the orthogonal projections Vk onto the 
fc-dimensional spaces: 

V7{a) = - (a + *((^ A a)) = -{a + -a^ij:) , (16) 

Vu{a) = i (2a - *(^ A a)) = ^ (a - ia ^ V) (17) 

where ip = *ip. To be concrete, the G2-singlet spinor satisfies the condition 

(Vi^rLiccieo = lirtb - l^'ibhcdOo = o 

which is equivalent to 

labcOf) = {Wabc + IpabcdY'^) ^0 , (18) 

labcdOo = ( - tpabcd ~ 4i(^[afcc7d])^0 

where the second and third conditions follow from the first one. These rela- 
tions can now be used to re-cast the Killing spinor equations into constraints 
for the fluxes and differential equations for the warp factor as well as the 
spinor 9. In the generic situation this spinor is not covariantly constant, 
which reflects the fact that fluxes deform the geometry by the gravitational 
back reaction. This can be made explicit by re-writing the flux terms as 



con-torsion terms^ 



^aO = (Va - ^T^7bc)e = 



''There is also an ongoing discussion in the mathematical literature, se J I 
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From the symmetry it follows that r has 7 x 21 = 7 x (7+ 14) components, 
but if 6* is a G2-singlet the 14 drops out and henee r e A^ (g) g^. These 
components decompose under G2 as 

49 = 1 + 7 + 14 + 27 = n + T7 + Ti4 + T27 

where Ti are called G2-structures. Since the Killing spinors define Lp and ^/i, 
these torsion classes can be obtained from dLp and dtl) as follows 



(19) 



where the 7 in A7 is the same as in A^ up to a multiple. For a general 
4-form (3, the different projections are 

^7"(/3) = -11^^/3, (20) 

where in (•)o we removed the trace. Thus, the different components in the 
differentials d^p can be obtained from 



dLpek^ 


= Af e A| e A^7 , 


di}j e A5 


- Af e Af4 , 



T^^> < — > lp _idip , T^'^^ < — > tp_id(p , 

(14) ^^ ,rf^ _ 1 (,rf^) ^ ^ ^ ^(27) ^^ (d^,,e{a^6}^''")0 , 



r 



(21) 



where T14 and T27 have to satisfy: (p^ A A27 — ip^ A T14 — 0. 



SU(3) structures 

Having a. G = SU{3), one can find two singlet spinors on Xf, which are 
equivalent to the existence of a vector field v. This in turn can be used to 
combine both spinors into one complex spinor defined as 

e=^e''{l + Va-/n9o , VaV'' = l (22) 

where the constant spinor 9q is again the G2 singlet and Z is now a complex 
function. The vector v is globally well-defined and gives a foliation of X'j 
by a 6-manifold Xq and both spinors, 6 and its complex conjugate 0* , are 
chiral spinors on ATg . In this case, we have to distinguish between the forms 
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n and 51 as defined in ||nj and find ^^ l ^^ l ^^ l 

^a ^ g2Ro(Z) 

01 ^e2Rc(Z)^ ^ 

^2^jg2Ro(Z)^^^ ^ ■g2Ro(Z)^^ (23) 

^3 ^ , g2 Rc{Z) [^; A (i; ^ </?)] = i e2 R<=(^) i; A c^ , 

f^3^^g2Rc(Z)^g2.Im(Z)(^_ «Aw - il^^^A)] ^ ^ e^ R-(^) O^^.O) 

and all other forms are zero or dual to these ones. The associated 2-form to 
the almost complex structure on Xq is lu and with the projectors 2(1='=*'^) 
we can introduce (anti) holomorphic indices'^ so that O^'^'^^ can be identified 
as the holomorphic (3,0)-form on Xq. There exists a topological reduc- 
tion from a G2-structure to a 5f7(3)-structure (even to a S'[/(2)-structure). 
The difficulties arise by formulating the geometrical reduction. Using the 
vector V, let the explicit embedding of the given 5'[/(3)-structure in the 
G'2-structure be: 



ip = Re(e-2«M2) ^(3,0)) +v/\Lu=x++vAuj, 

iP = Im(e-2»i'"(^) 0(3.")) A « + iw2 ^ X- A i; + 1^2 



(24) 



with the compatibility relations 

'^"^(^^ ^(3,0) A cj = (x+ + ^ X-) A cj = , (25) 

(26) 



e-2' 



2 ,3 



3 

Now, the projectors (|18|l for 6*0 imply for the complex 7-d in (|22|l 

la0 = Tf (7a + Va + i(fabcV^l'')do , 

labO = ^{Wabcl" + i^abcV" + TpabcdV'^j''^ - 2v[a'yb])0o , 

Jabc0 = ^{i^abc + Ipabcdl'^ + iiV[aVbc]dl'^ " i'abcdV'^ " 4i(/7[afcc7d]f^'')^0 , 

labcdd = ^{-I/Jabcd - 4i(/?[„fcc7d] - 5f/'[Q6cd7e]V'' 
-iiviafbcd] - 4u[Q-06cd]e7'')^O , 

Z r 

labcdeO = ■^(-5V'[afccd7e] " i^abcdef gl^V^ - hV[ai^bcde] " 2()iV[a^bcdle\)0o ; 
labcdefd = ^{-iSabcdefgl^ + Sabcdef gVliljip^^' - i£abcdefgV'^) Oo ■ 



'^Since the 6-d space is in general not a complex manifold, we cannot introduce global 
holomorphic quantities and this projection is justified only pointwise. 
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Again, these relations can be used to re-write the Killing spinor equations 
in terms of constraint equations for the fluxes and a differential equa- 
tion for the warp factor as well as the spinor. The corresponding torsion 
components^ are now related to the differential equation obeyed by the 
forms: v, lo^ Q and their dual. 

As next case one would consider SP(2) structures implying three (real) 
singlet spinors. An example is a 7-d 3-Sasaki-space (i.e. the cone yields 
an 8-d Hyperkahler space with Sp(2) holonomy), with the Aloff-Walach 
space N^'^ as the only regular examples^ (apart from S"^); non-regular 
examples are in^. We leave a detailed discussion of this case for the future 
and investigate instead the SU(2) case in more detail. 

SU(2) structures 

On any 7-d spin manifold exist three no-where vanishing vector fields^, 
which implies that one can always define SU(2) structures. The corre- 
sponding four (real) spinors can be combined in two complex SU(2) singlet 
spinors Oi/2- The three vector fields Va, a = 1, 2, 3 can be chosen as 

vi = e^ V2 = e^ V3 = (p{vi,V2) 

and they parameterize a fibration over a 4-d base space X^. The embedding 
of the SU(2) into the G2 structures is then given by 

ip — Vi A V2 /\ V3 + Va /\ OJa , (27) 

iP = voh + e°''^''va AvpAuj^ . (28) 

Since the vector fields are no-where vanishing, we can choose them of unit 
norm and perpendicular to each other, i.e. (z)q,w^) = 5ap^ and using the 
3-form (/3, one obtains a cross product of these vectors. One can pick one 
of these vectors, say v^, to define a foliation by a 6-manifold and on this 6- 
manifold one can introduce an almost complex structure hy J = vj, _np E 
T*M^ (g) TM^. The remaining two vectors, which can be combined into 
a holomorphic vector'^ vi + iv2 imply that this 6-manifold is a fibration 
over the base X4. On this 4-manifold we can define a basis of anti-selfdual 
2- forms whose pullback correspond to the cua- Note, on any general 4-d 
manifold we have the splitting 

A^ = Ai ® A^ 



^Meaning, that it is annihilated by the projector: (1 — J). 
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where we can take {1^1,1^2,^3} as a basis of A^ and this spUtting appears 
in group theory as: so(4) = su(2)©su(2). The 2-forms satisfy the algebraic 
relations 

uif — 2 volji UJi A ujj = for i ^ j 

and the associating complex structures fulfill the quaternionic algebra (note: 
the orientation on the 4- fold is negative) . We can further split the 2-forms 
into a symplectic 2-form, say uj — uj^, and the remaining can be combined 
into complex (2,0)-form. Thus, the subbundle A^ decomposes as 

A'i = A^'OeRw 

and besides the symplectic form w, we introduce the complexified 2-form: 

X = UJl + iL02 

which is, with respect to w, a holomorphic (2,0)-form (due to the quater- 
nionic algebra satisfied by these forms). The SU(2) singlet spinors can again 
be constructed from the G2 singlet spinor 9o by 

9i^^{l + V3)eo , 02=^1^1 (29) 

where Va = w™7m- With the relations (|18|) . it is straightforward to verify 
that: (wiW2 — *i'3)^o = and hence 

(vi - iv2)92 = (vi + iv2)0i = or: Va{a"')k9i = 9k . 

Moreover, 

to 9k ^Ai 9k, (30) 

\9k^S{a2)k'9*i 

where Q = ujmnj™^, A = Am„7"™ and with the Pauh matrices 

-(")■ -CoO' -(i-O- <-' 
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For the forms Ullfl wc find 






= 1 , fi(" 

= 0(1) A 17(4), f^(5 



= 0, 
-0, 

== -r!(i) A fi(2) , 

= -17(1) A ii(3) ^ 

= 0(i)a17(i)a17(i)aA(T2- 



(32) 



4. BPS constraints 

Now we can come back to the BPS equations from Section 2. With the 
superpotential as introduced before, equation {Tj) becomes 



= r/+[7'®(-aA+— )+— e 
and if: r} = e~~r], equation (jS)) yields 



3A 



(1®F)]77 



(33) 



1 



e-3^f 



Fafl 



(34) 



It is useful to decompose the 35 components of the 4-form field strength 
under G2 as 35 ^ 1 + 7 + 27 with 



Fabcd = y ^(^) ^abcd + J'lr Vbcd] - 2 Tl^f^^r^cd] (35) 

where J^(i), JFC^) and JF(^'^) are the projection introduced in (|20|l . The cases 
of G2 and SU(3) structures have been discussed already in the literature 
and we will summarize only the main results. 



G2 structure 

In this case, the 11-d spinor is a direct product, i.e. 

7] = e(g>9 (36) 

and since the 11- and 7-d spinor are Majorana also the 4-d spinor e has to 
be Majorana (a more detailed discussion is given in '^). One finds that all 
internal 4-form components have to vanish 

Fabcd = , Wi=0 , m = -36W2 . (37) 

The equation H34|) gives a differential equations for the spinor e^6o, which 
implies 
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The differential equations for ^o fixes the 7-manifold to have a weak G2 

holonomy and hence is Einstein with the cosmological constant given by 

the Freud-Rubin parametei -^ ^ . This in turn imphes, that the 8-d space 

built as a cone over this 7-nianifold has Spin(7) holonomy. In fact, after 

taking into account the vielbeine, this gives the known set of first order 

differential equations for the spin connection 1-form w"'': u!"'^ipabc — 4g iT^et, 

where m was the Freud- Rubin parameter [note tu is here the spin connection 

and should not be confused with the associated 2-forni introduced before]. 

Using the differential equation for the 7-spinor, it is straightforward to 

verify that 

7 fn 
d(p = — —ip , d-ip = 

and therefore only t'^^-' is non-zero. 

The 4-d superpotential is only given by the Freud-Rubin parameter, ie. 

W'-°^ ^ i f *F (38) 

which fixes the overall size of the 7-manifold. In the limit of flat 4-d 
Minkowski vacuum, the Freud-Rubin parameter has to vanish and we get 
back to the Ricci-flat G2-holonomy manifold. In order to allow for non- 
trivial fluxes one has to consider SU(3) instead of G2 structures. 

SU(3) structure 

In this case, there is one (complex) 7-d spinor and the 11-d Majorana spinor 
reads 

7^ = e®e + <i* ®e* . (39) 

where the 4-d spinors e and e* have oppos ite chirality (7^6 = e). More 
details about this case can be found i n I "I The solution of H33|l read now 

v-dae"^ = f.F(i) + v'^t'^;^^^'' (40) 

in — . 



and 



(C - Vav')T)^^ = ^abcv'd-^e"^ = 2 ^tvb TfPv" , (41) 

2^(f z;^= [-^.FW-t-.-.F(f «^]., + 9„e3^ (42) 
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[the flux components were introduced in H85(l ]. In addition, one obtains a 
differential equation for the spinor with the non-trivial torsion components 
as introduced in (|19|l 

r(i) < > W2 , 

To make the set of equations complete, we have to give the differential 
equations obeyed by the vector field v, which is straightforward if we use 
the differential equation for the spinor 



1 „— 3A IP , ,bc, ,d 



(44) 



recall Uab — fabcv'^- Note, w"VmWn = 0, which is consistent with |wp = 1. 
Using the decomposition H35|l one finds 

V[„z;„] = {5^:J,\ + \^n.n''')Tl^J^v%b + \vr,.n''{5j: - v^v')^^ ,(45) 

9 1 

+ \{5^^' + <.^n)^T^ - ^^^^^if )^;%^ . (46) 

The first term in the anti-symmetric part is the projector onto the 7, see 
(|16|l . and by contracting with </? and employing eqs. H41|l and H42|l . one can 
verify thal!^ d{e'^^v) — 0. One can project the fiux components onto 
Xq and using the symplectic 2-form lo we can introduce (anti) holomorphic 
indices. As result, we can define a 3-form H and 4- form G on X^ and find 
for the superpotential 

W=—m''^^H ^ p^(o) _ ± /■ i^Af)(3,o) (47) 



36 36 jx, 

whereas the 4-form has to fulfill the constraint: Vl_iG = Q and de^^ . 
iw _i iJ as well as u _i de^^ = TM^"^ — ' ^■ 



iUJ = 



SU(2) structure 

Finally, in the SU(2) case we write the 11-d spinor as 

77 = e^ «) 6*1 + e^ (g) 6*2 + cc (48) 

and we choose chiral 4-d spinors with 

ft' = e* . 
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Eq. IJSSI) gives 
= 



w^e* + (iaA + 5 + ±-e-^^F)eA . m 



'2 36 144 

If one does not impose any constraints on the spinors e* , one findg-'^ 

with the 4- form fl'-^^ as derived in (|32|l . Defining the 2-forms: 

/^ „jn n T? \ab tj „,™„," P , fib 

tjQ/3 — Wq, Vf^trnnab'^ , i* a(3 — Va ^p^mnab^ 

we can write Wij as matrix: W ~ {(" '^Gai3<y'y)(T2 with the CTq. as Pauh 
matrices. It would be identical zero if: G = 0, but instead we can also 
impose: t^Wij = so that Wij projects out one of the 4-d spinor as we 
would need for an A/" = 1 vacuum. This implies that: det W = Q which gives 
one (complex) constraint on the 2-form G. As next step, the contraction 
with 9\. yields 

which implies that: daA ^ tap-yF^'' (with da = w™9m) and F_i vol/^ = 0. 
Finally, one has to contract with O^^a as well as with 9^^ a (with the index 
a projected onto the base) and if we assume that the dbA = (ie. the warp 
factor is constant over the 4-d base), we get as further contraints on the 
fluxes 

e^-iaFO = , e-iaFO = . 

These constraints are solved, e.g., if the only non-zero components of i^ are: 
~ Wa A w^ A w; ie. are contained in F^p and Gap = (as defined above). 

These are all constraints on the fluxes, but from the internal variation 
(|S^ we get differential equations. Setting, m = and f; = 0, we find 

If only the components in Fap are non-zero, it is straightforward to further 
simplify this equation by using the relations in H3()|l . On the other hand, 
this equation fixes also the corresponding differential equations obeyed by 
the differential forms. 

For the 2-forms eg., our constraints on the fluxes imply that to and A are 
closed, when projected onto the 4-d base, which is therefore a hyper Kahler 
space. Unfortunately, we have to leave a detailed analysis of these equaions 
for the future. 
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